. Here we report that the nearby dwarf starburst galaxy Henize 2-10 (refs 5 and 6) contains a compact radio source at the dynamical centre of the galaxy that is spatially coincident with a hard X-ray source. From these observations, we conclude that Henize 2-10 harbours an actively accreting central black hole with a mass of approximately one million solar masses. This nearby dwarf galaxy, simultaneously hosting a massive black hole and an extreme burst of star formation, is analogous in many ways to galaxies in the infant Universe during the early stages of black-hole growth and galaxy mass assembly. Our results confirm that nearby star-forming dwarf galaxies can indeed form massive black holes, and that by implication so can their primordial counterparts. Moreover, the lack of a substantial spheroidal component in Henize 2-10 indicates that supermassive black-hole growth may precede the build-up of galaxy spheroids.
The starburst in Henize 2-10, a relatively nearby (9 megaparsecs, ,30 million light years) blue compact dwarf galaxy, has attracted the attention of astronomers for decades [6] [7] [8] [9] [10] . Stars are forming in Henize 2-10 at a prodigious rate 8, 11, 12 that is ten times that of the Large Magellanic Cloud 13 (a satellite galaxy of the Milky Way), despite the fact that both of these dwarf galaxies have similar stellar masses [14] [15] [16] and neutral hydrogen gas masses 7, 17 . Most of the star formation in Henize 2-10 is concentrated in a large population of very massive and dense 'super-star clusters', the youngest having ages of a few million years and masses of one hundred thousand times the mass of the Sun 6 . The main optical body of the galaxy has an extent less than a kiloparsec (,3,000 light-years) in size and has a compact irregular morphology typical of blue compact dwarfs (Fig. 1) .
We observed Henize 2-10 at centimetre radio wavelengths with the Very Large Array (VLA) and in the near-infrared with the Hubble Space Telescope (HST) as part of a large-scale panchromatic study of nearby dwarf starburst galaxies harbouring infant super-star clusters [18] [19] [20] . A comparison between the VLA and HST observations drew our attention to a compact (,24 pc 3 9 pc) central radio source located between two bright regions of ionized gas (Fig. 2) . These data exclude any association of this central radio source with a visible stellar cluster ( Fig. 3 ; see Supplementary Information for a discussion of the astrometry). Furthermore, the radio emission from this source has a significant non-thermal component (a < 20.4, S n / n a where S n is the flux density at frequency n) between 4.9 GHz and 8.5 GHz, as noted in previous studies of the galaxy 9 . An archival observation of Henize 2-10 taken with the Chandra X-ray Observatory reveals that a point source with hard X-ray emission is also coincident (to within the position uncertainty) with the central non-thermal radio source 10 (see Supplementary  Information) . Typically, even powerful non-nuclear radio and X-ray sources (for example, supernova remnants and active X-ray binaries) are at least an order of magnitude less luminous than the central source in Henize 2-10 (see Supplementary Information) . In contrast, the radio and hard X-ray luminosities of the central source in Henize 2-10, as well as their ratio, are similar to known low-luminosity active galactic nuclei powered by accretion onto a massive black hole 21 . The central, compact, non-thermal radio source in Henize 2-10 is also coincident with a local peak in Paa and Ha emission and appears to be connected to a thin quasi-linear ionized structure between two bright and extended regions of ionized gas. This morphology is tantalizingly suggestive of outflow (Fig. 2 ). Although we cannot conclusively determine whether or not this linear structure is physically connected to the brightest emitting regions with the data in hand, ground-based spectroscopic observations 22 confirm a coherent velocity gradient along the entire ionized gas structure seen in , assuming that all of the emission is from the starburst and that the contribution from the active nucleus is negligible. We estimate that Henize 2-10 has a stellar mass of 3.7 3 10 9 M [ from the integrated 2MASS K s -band flux 14, 15 . Neutral hydrogen observations of Henize 2-10 indicate a solid-body rotation curve typical of dwarf galaxies with a maximum projected rotational velocity of 39 km s 21 relative to the systemic velocity of the galaxy The main optical body of the galaxy, shown here, is less than one kiloparsec across. Henize 2-10 shows signs of having undergone an interaction, including tidal-tail-like features in both its gaseous 7 and stellar distributions (seen here). In this three-colour HST image of the galaxy, we show ionized gas emission in red (Ha) and the stellar continuum in green (,I-band, 0.8 mm) and blue (,Uband, 0.3 mm). These archival data were taken with Wide Field and Planetary Camera 2 (Ha) and the Advanced Camera for Surveys (U-and I-band). The white box indicates the region shown in Figs 2 and 3.
from observations of neutral hydrogen gas rotating as a solid body 7 -indicates that the position of the non-thermal radio source is consistent with the dynamical centre of the galaxy.
Compact radio and hard X-ray emission at the centre of a galaxy are generally good indicators of accretion onto a massive black hole 21 , but we have also considered alternative explanations for the data. As discussed at length in the Supplementary Information, it is extremely unlikely that the nuclear source in Henize 2-10 is one or more supernova remnants, more recently created supernovae, stellar-mass blackhole X-ray binaries, or some combination of these phenomena. Briefly, X-ray binaries are too weak in the radio, supernova remnants are too weak in hard X-rays, and young compact radio supernovae are ruled out by observations using Very Long Baseline Interferometry 23 . Although it may be possible to account for the radio and X-ray luminosities of the nuclear source with just the right combination of the abovementioned phenomena, the probability of such a coincidence is exceedingly low (see Supplementary Information) . On the contrary, the radio and hard X-ray luminosities of the central source in Henize 2-10 are well within the range of known low-luminosity active galactic nuclei 21 . In addition to ruling out young compact supernovae, the non-detection of the nuclear radio source at higher resolution (,0.5 pc 3 0.1 pc) using Very Long Baseline Interferometry 23 may also seemingly rule out the presence of an actively accreting massive black hole. However, Seyfert nuclei with steep radio spectra (a = 20.5, S n / n a ) often exhibit this 'missing flux' phenomenon when observed at increasingly higher spatial resolution 24 . In these active galactic nuclei, as much as ,90% of the radio emission is absent on parsec scales and is expected to be dominated by extended low-surface-brightness features on larger scales, such as jets. This is in contrast to Seyferts with flat or positive radio spectra (a > 0) and elliptical radio galaxies in which the radio emission is concentrated in a compact core. The nuclear radio source in Henize 2-10 has a spectral index (a < 20.4) similar to Seyfert nuclei that are known to have reduced flux densities on parsec scales. Therefore, we do not consider the non-detection of the nuclear radio source at very high resolution to be incompatible with the presence of an active galactic nucleus in Henize 2-10. morphology of the radio emission (green contours) in the central region of Henize 2-10 matches that of the ionized gas detected with HST (colour images), suggesting a shared origin. The active nucleus (plus symbol) is detected as a nonthermal nuclear VLA radio source coincident with a Chandra point source with hard X-ray emission. The nuclear source is also coincident with a local peak of ionized gas emission and appears to be connected to the thin quasi-linear structure between the two bright and extended regions of ionized gas: this is suggestive of, although not proof of, outflow. The central source has 4.9 GHz and 8.5 GHz radio luminosities of 7. 4 21 assuming an X-ray bolometric correction of 10 and an accretion efficiency of 0.1. a, Narrowband imaging with the Near Infrared Camera and Multi-Object Spectrometer (NICMOS) on the Hubble Space Telescope was used to trace the ionized gas in Henize 2-10 using the Paa hydrogen recombination line at 1.87 mm. Continuum emission was removed using a neighbouring off-line narrowband filter. VLA 8.5 GHz (3.5 cm) radio contours are over-plotted in green and the active galactic nucleus is marked with a plus symbol. Contour levels are 9, 13, 17, 25, 33, 41 and 49 times the root-mean-square noise (12 mJy per beam). The beam is shown in the lower right corner. b, Optical narrowband imaging of the Ha hydrogen recombination line at 0.66 mm yields a higher-resolution view of the ionized gas in Henize 2-10. The continuum has not been subtracted in this archival image, leaving young star clusters also visible. The overall structure of the radio emission (green contours) differs markedly from the distribution of star clusters in the centre of the galaxy (colour images). In particular, the nonthermal nuclear radio source does not have a detectable counterpart in these broadband continuum images (plus symbol), excluding any association with a visible star cluster. a, A near-infrared (,K-band) image of the central region of Henize 2-10 overplotted with the same radio contours as in Fig. 2 . HST/ NICMOS was used to observe the galaxy through a broadband filter centred at 2.1 mm, which primarily traces the distribution of stellar light. b, A higherresolution view of the star clusters is shown in this archival 0.8 mm (,I-band) broadband image. The field of view is the same as in Fig. 2 .
LETTER RESEARCH
We conclude that an actively accreting massive black hole is the most feasible explanation for the nuclear source in Henize 2-10. The compact radio and hard X-ray luminosities are consistent with the observed correlation for active galactic nuclei and we therefore estimate the mass of the black hole in Henize 2-10 using the so-called ''fundamental plane of black hole activity'' 25 . This empirical relationship relating black-hole mass to the emitted compact radio and hard X-ray luminosities, spanning nine orders of magnitude in black-hole mass, is given by the equation logL R 5 0.60logL X 1 0.78logM 1 7.33, where L R is the radio luminosity at 5 GHz in erg s
21
, L X is the 2-10 keV X-ray luminosity in erg s
, and M is the mass of the black hole in solar masses, M [ . Using the observed radio luminosity of 7.4 3 10 35 erg s 21 at 4.9 GHz and the X-ray luminosity of 2.7 3 10 39 erg s 21 in the 2-10 keV band, we calculate log(M/M [ ) 5 6.3 6 1.1 for the black hole in Henize 2-10. The region in which the gravitational influence of a one-million-solar-mass black hole dominates that of the host galaxy subtends a very small angle on the sky at the distance of Henize 2-10 (,1 arcsecond for velocity dispersions .10 km s
). Thus, it is not surprising that kinematic studies of Henize 2-10 have not previously revealed the presence of the black hole at its centre.
Few dwarf galaxies are currently known to host massive black holes 26, 27 ; however, the discovery of an active nucleus in Henize 2-10 opens up a new realm in which to search for local analogues of primordial black-hole growth (that is, dwarf starburst galaxies). While recent searches 28, 29 have revealed growing numbers of nuclear black holes with masses similar to that in Henize 2-10, the host galaxies of these objects have very different properties from that of Henize 2-10. Most notably, they are not actively forming stars and have regular morphologies of disks and spheroids with well-defined optical nuclei 29, 30 . Moreover, the majority of the black holes detected in these systems are radiating at high fractions of their Eddington limits [27] [28] [29] , suggesting that the black holes are currently undergoing rapid growth. In contrast, the low-luminosity active galactic nucleus in Henize 2-10 is currently radiating significantly below its Eddington limit (, 10 24 assuming an X-ray bolometric correction of ten; see Supplementary Information), suggesting a different evolutionary state.
The results presented here have broad implications for our understanding of the evolution of galaxies and their central black holes. The concurrent black-hole growth and extreme starburst in Henize 2-10 probably resembles the conditions in low-mass, high-redshift galaxies during the early phases of galaxy assembly when interactions and mergers were common. Indeed, Henize 2-10 shows signs of having undergone an interaction, including tidal-tail-like features in both its gaseous 7 and stellar distributions (Fig. 1) . Additionally, it is intriguing that the massive black hole in Henize 2-10 does not appear to be associated with a bulge, a nuclear star cluster or any other well-defined nucleus. This unusual property may reflect an early phase of black-hole growth and galaxy evolution that has not been previously observed. If so, this implies that primordial seed black holes could have pre-dated their eventual dwellings, thereby constraining theories for the formation mechanisms of massive black holes and galaxies.
